The UK health care reforms, leading to the internal National Health Service market, have created pressures to assess the performance of hospitals whether in terms of the efficiency with which they use their resources or the outcomes they achieve. There is a tendency to assume that 'least is besf, but it should be fairly obvious that the performance or outcomes of a specialty in a particular hospital will depend on the characteristics of its patients, its diagnostic case mix and the social circumstances of the areas in which its patients live. Summary measures which do not take account of these influences are inevitably suspect. Recent controversy over the UK Government's 'star ratings' mirrors similar arguments over the publication of league tables for schools; this paper uses the statistical method of multilevel modelling (developed in the context of assessing educational performance) to explore variations in the length of hospital stay for gynaecology patients in Scotland. The conclusions emphasize the importance of distinguishing between influences that can be reasonably attributed to the hospitals themselves and those which arise from differences in the patients they treat or the areas from which these patients come.
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' Performance can be measured against previously specified targets but there is a tendency to rely on comparative measures whether as measures of change from 1 year to another or as differences between providers.
>; *Year-on-year data can provide a basis for target setting but comparison with some external reference is a more usual way of devising measures of quality or efficiency. It will be evident, however, that indicators of performance are unlikely to describe the whole picture; individual indicators can provide insights into different aspects of service provision but, if only some parts of the picture are revealed, a misleading view of the whole may result. Measures of performance and measures of quality or outcome of care should satisfy 2 basic conditions. First, they should take account of the circumstances in which care is provided and, second, those who devise them and those to whom they are applied should agree that they reflect the realities of the situations they describe. When translated into the criteria necessary for valid performance indicators, these requirements mean that they should take account of relevant differences in the characteristics of the patients treated in a particular setting ('case mix'),t hat they acknowledge that the provision of care may be influenced by the social and environmental characteristics of the populations from which a hospital's patients are drawn ('context') 8 ' 9 and that they distinguish It is widely accepted that standardization for age and sex is an insufficient basis for comparison and that variables describing other patient and diagnostic characteristics are necessary for valid case mix comparisons. An analysis of outcome measures for Scottish maternity hospitals demonstrated that, despite crude rates of perinatal mortality ranging from <1 to >14 per 1,000 births, the hospitals performed more or less equally for this outcome when it was adjusted to take account of individual patient characteristics and the risks of an unfavourable outcome implicit in the case mix of the pregnancies they managed. In Scotland at least, observed differences in rates of hospital activity vary considerably between small geographical areas 16 ' 17 and it is sensible to separate influences attributable to the locality served from those of the hospital itself. Finally, a performance measure becomes meaningless without an associated measure of confidence. An important criticism of the Government's 'star ratings' for hospitals 18 is that a hospital's position in a league table can be misleading. If the ranks (and confidence intervals of the ranks) of 2 hospitals are 7 (95% Cl: 5-14) and 10 (95% Cl: 9-11), then it does not follow that the first hospital is to be preferred over the second. The statistical technique used to devise the measure of hospital performance described in this paper is multilevel modelling. The method -which has been employed in similar contexts in educational research 1 "' and, more recently, as part of the process of allocating resources to health authorities in England 21 ' 22 -satisfies the criteria sketched above for 2 reasons. It employs a hierarchical approach which makes it possible to differentiate between different 'levels' of effect when seeking to explain ob-served variation; in this example, these are geographical localities, the characteristics of individual patients and hospitals or specialist units. It is then possible to allow for -often complex -interactions between different variables within these levels of analysis. Figure 1 illustrates this point by displaying the different effects of age on length of hospital stay for 3 categories of gynaecological diagnoses. The mean length of stay (LOS) of a specialty is partly dependent on the contribution of different diagnoses in its total case load and partly on the ages of its patients, but it is also affected by these (and other) factors acting in combination. The second important attribute of the method is diat it quantifies 2 kinds of effect -measured and unmeasured. Measured effects are those which can be quantified directly after making allowance for other variables, for example die effect of die age of a hospital's patients on die measure of outcome. Unmeasured effects provide an estimate of the extent to which die variables included in the analysis fail to account for die differences diat are observed; diis measure is often called die residual. This does not mean diat residual differences cannot be explained or justified: it is simply to say diat the information employed in the statistical model has not provided a comprehensive explanation of observed differences and that additional information should be sought. One benefit of multilevel modelling, therefore, is diat it makes full use of information diat is usually present in health information systems -including die hierarchical structure of the data -and clears die way for more detailed explorations of die inter-hospital or inter-unit differences diat remain.
METHOD
Data describing in-patient or day-case discharges from gynaecological units in Scottish hospitals for the period December 1990 -November 1991 were extracted from the linked data set of Scottish Morbidity Records Form 1 (SMR1). 23 This form is completed for 100% of all general hospital discharges in Scotland and provides information about the patient's age, sex, marital status and postcode sector of residence in addition to data on diagnosis, operation or procedure and length of hospital stay. The linkage of episodes of care made it possible to include cases transferred from other specialties and diose who were readmitted. Additional information about the localities in which die patients lived was obtained from the Small Area Statistics Package for the 1991 Census and was linked to die SMR1 information at die level of aggregation of the postcode sector. There were 80,592 discharges requiring a total of 206,167 bed days for a mean length of stay of 2.56 days during diis period. The analysis was then restricted to hospitals discharging sufficient numbers of patients with a given diagnosis; diis constraint reduced the number of patients to 77315 (96% of the total). Twenty-six hospitals discharged more dian 1,000 gynaecology patients during the year and the results we describe are restricted to diese hospitals aldiough others were included in the full analysis. The hospitals varied considerably, discharging between 1,100 and 8,159 patients Figure 1 The effect of age on the length of stay for diagnostic groups 2, 7 and 10 (malignant neoplasms, [188] [189] pain and other symptoms, ICD 625; female infertility, ICD 628, V26) with mean lengths of stay ranging from 1.66 to 3.98 days. The analysis employed the multilevel modelling software ML3. 24 The analysis was limited to die length of hospital stay as a measure of resource use 25 ' 26 but the method is equally applicable to odier measures of performance or outcome. Gynaecology was chosen for a first exploration of the method, but it can be applied just as readily to odier specialties or to other ways of grouping patients. Extreme values for die length of stay were retained in die data for 3 reasons: first, die log transformation restricts the influence of extreme values, second, die variance structure for individual patients detailed in the appendix allows for greater uncertainty surrounding the stay of older patients (which tend to be the group wirh extreme stays) and, finally, die hierarchical nature of the model lessens the effect which an outlying stay may have upon rhe area or hospital. One reason for choosing gynaecology is that it was possible to divide its ICD diagnostic codes into a fairly small number of homogeneous groups. Fourteen groups were constructed on the basis that each included reasonably similar diagnoses and a sufficient number of patients; 89% of the patients were included in these groups. The remaining 11% were treated as a single heterogeneous group of 'other diagnoses'. The groups, with the proportion of patients and mean length of stay for each, are described in table I. Also included in diis table is die (back-transformed) mean of rhe transformed lengths of stay. These groupings were preferred to odier mediods of categorizing patients (such as diagnosis related groups, DRGs) for 2 reasons: first, the validity of DRGs in Scottish hospital practice is not known and, second, it was desirable to group cases on rhe basis of their diagnostic similarity rarher than on diat of dieir resource implications. This distinction was relevant to the construction of the hospital-level variables described below. An advantage of modelling die groups separately was that it was possible to model die diagnostic groups separately and thus, for example, to take account of the differing relationships between length of stay and age illustrated in figure I . Four variables were abstracted from rhe census as descriptors of postcode sectors. These were the male unemployment rate, the percentage of the population without access to a car, rhe proportions of semi-skilled and un-skilled workers and overcrowding. These are the 4 variables used in the construction of die Carstairs index of deprivation 16 and they describe the locality rather than die individuals who live in it. They are not intended to be an exhaustive list of die social factors which may affect the length of stay, but are illustrative of die way in which variables at different levels of aggregation may be used. These variables were employed separately. Two hospitallevel variables were derived from die SMR1 data (appendix) . A case complexity index 27 was reflected in die effect of a hospital's diagnostic case mix on die mean lengdi of stay of its patients. This index made it possible to take into account die circumstances of those hospitals which consistently received a greater proportion of patients wirii diagnoses likely to be associated witii longer lengths of stay. It was necessary because routine Scottish data do not include a measure of the severity of illness, but hospitals are likely to vary widi regard to die severity of the illnesses diey treat. The second hospital-level variable was based on the proportions of patients treated for particular diagnoses and reflected die extent to which a hospital's case mix was biased towards some diagnostic categories.
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These variables were not used in place of die information available about individuals but radier as a complement to it: they furnish further detail about die type of area or hospital.
The lengdi of hospital stay was transformed to a log-scale to approximate to a normal distribution after the addition of half a day to each day-case stay. Doing so was necessary because the lengdi of stay data in form SMR1 are based on die occupation of a bed at midnight, but day cases widi a recorded stay of 0 days do not equate to 0 resource use. The size of the diagnostic groups ranged from 1,993 (haemorrhage in early pregnancy) to 10,967 (disorders of menstruation) with die mean lengths of stay ranging between 0.58 days (induced abortion) to 8.53 days (genital prolapse).
RESULTS
The appendix details die model fitted to die data and, as an example, gives parameter estimates and associated standard errors for die fixed and random effects of die model fitted for 1 diagnostic group. The example indicates die nature of die models and die way die variance is estimated at each level. The distinction between die 3 levels of die model is illustrated in figure 2 which compares die results for 2 diagnostic categories, dividing unexplained variation between individual, locality and hospital effects. In the first example (malignant neoplasms), the information available for the model was able to explain 54% of die observed variance, allocating 89% of die remaining unexplained variation to differences in die characteristics of die patients treated in die various hospitals, 6% to differences between die localities in which die patients lived and only 5% to hospital attributes. A different picture is evident in die second example (menopausal and post-menopausal disorders) when die available data explained only 19% of die observed variance. Widiin die variance tiiat was not explained, locality differences contributed only 3% and patient differences 74%. The proportion of unexplained variation attributable to hospital variation was 23%.
Estimates of 'explained' and 'unexplained' variation derived in diis way make it possible to obtain a clearer picture of die reasons underlying observed differences and can dius provide a more appropriate basis for comparisons between hospitals. Figure 3 ranks the unstandardized (crude) mean lengdi of stay for patients discharged from die 26 hospitals widi more dian 1,000 gynaecological discharges. In this figure, die hospitals are ranked so that the shortest length of stay (1.66 days) is on the left of the figure and the longest (3.88 days) is on the right. 'Hospital A', in the seventeenth rank, discharged 3,824 gynaecological patients and had a mean stay of 2.79 days. A better way of making this comparison is to rank the variation attributable to hospitals after allowing for the confounding influences of patient characteristics and locality differences. Figure 4a is a comparison of length of stay residuals for the 26 hospitals against that for Scotland as a whole for malignant neoplasms. Hospital effects are shown as central points with the vertical bars representing their 95% confidence intervals (CI); a measure of the difference between a hospital's performance and that of Scotland is then provided by the hospital's distance from the horizontal line across the figure and its statistical significance difference can be judged by whether or not the confidence intervals cross this line. By this measure, 23 of the 25 hospitals treating these diagnoses were not different from die average Scottish performance but hospital A was not among them. After making allowance for case mix and locality effects, this hospital's length of stay for malignant neoplasms was 44-2% (95% CI: 26.5-64-4%) greater than that expected on an all-Scotland basis. The hospital was ranked twenty-fifth out of the 25 hospitals treating these conditions. There are obviously circumstances when it is desirable to assess the performance of a specialty as a whole. By first differentiating the effects of the 3 levels of the model (locality, individual patient and hospital) for each diagnostic group and then combining the hospital effects over all diagnostic groupings, it is possible to create a performance or outcome measure for individual hospitals which takes account of the circumstances of die population it serves. Figure 4b shows diese local measures for die hospitals shown in figure 3 . Fourteen of die 26 hospitals differed from die average Scottish performance and hospital A changed its rank again. In diis figure it ranks tendi but is close to die horizontal line widi little difference between its performance and die average for Scotland. In figure 5 , die 15 diagnostic residuals for hospital A are combined widi odier information in order to create a profile of its use of bed days for gynaecology. The bar at die top of die upper left quadrant is die specialty's local effectiveness measure and its confidence interval crosses 0 -there is no overall difference between the hospital and Scotland. (The local effectiveness of a specialty is die mean of die effects for each diagnostic group, weighted according to die number of patients widiin each group treated by that hospital, as shown in figure 4b .) Within this composite measure, however, the residuals for 3 groups (malignant neoplasms, genital prolapse and spontaneous abortion) are to the right of die line indicating a significant increase in the length of stay for these groups. Conversely, the lengdis of stay for menopausal and postmenopausal disorders, legally induced abortions, contraceptive management and 'other diagnoses' were less than ; for example, a greater proportion of hospital A's patients were treated for menstrual disorders (DG8; 15.7%) than the average for Scottish gynaecology departments (13.8%). The fourth quadrant (lower right) combines information from the other 3 as an expression of differences in the use of hospital beds that would arise if the practice of hospital A had no effect on the lengths of stay of its gynaecological patients. If, after allowing for variation attributable to the characteristics of its patients and the localities in which they lived, the practices of hospital A were not different from the Scottish average, then die measure of bed days used would be close to die central line. The outcome of combining information from die odier 3 quadrants was diat hospital A used 8 fewer bed days dian expected but more dian expected for e.g. malignant neoplasm (471 days), genital prolapse (144 days) and spontaneous abortion (38 days). These 'excesses' were balanced by fewer bed days used for other diagnostic groups.
DISCUSSION
In die last analysis, measures of performance or outcome for hospitals or specialties do no more than reflect die sum of a large number of decisions made about individual patients by diose who are responsible for dieir care. Both kinds of measure are likely to be employed to make ill-defined judgements -eidier about die efficiency of care provision or about its quality assessed in terms of outcomes. Because both are ill-defined, comparative measures are attractive (the need for precision can be avoided by reference to 'average' experience), but relying on them emphasizes the need to ensure that they are honest in the sense of distinguishing between influences within the control of those responsible for them and those that are a response to the circumstances of a hospital's work. Achieving this distinction depends pardy on the availability of relevant information and partly on the statistical methods used to derive summary measures. The Scottish system of hospital morbidity records (which provides data about aR patients) goes some of the way towards satisfying this first requirement but lacks information about the severity of illness or case complexity within diagnostic categories. As die patient administration systems of hospitals develop, it should be possible to overcome these deficiencies. The importance of appropriate statistical methods rests on the multiplicity of variables that may contribute to a seemingly simple measure and die need to take cognizance of diem. The example we cite is the interaction between the length of stay and age for different diagnoses in figure I ; these fairly simple relationships may be confounded by other variables and will vary from one measure to another. Multilevel modelling satisfies the need for multiple standardization and provides 3 further advantages for performance or outcome measures. By distinguishing different levels of effect, it provides insights into die reasons underlying observed variation, in diis example by distinguishing between effects that can be attributed to patient or locality differences and those arising in the hospital itself. Doing so means that it is possible to focus more clearly on the reasons for them. In figure 4a hospital A's performance over its length of stay for patients with malignant neoplasms indicates a difference from Scottish practice that is concealed in measures of overall specialty performance ( figures 3 and 4b) . There could be a number of explanations for this observation which do not necessarily reflect die 'efficiency' with which hospital A provides care for these conditions. One advantage of die method, therefore, is that it can identify specific aspects of performance which require other methods of enquiry. Figure 5 , which can be devised in other forms, is an example of a summary profile providing this information. The second advantage of the method is that it is possible to quantify measured and unmeasured effects. The importance of doing so is that it provides a basis for differentiating between vanation that can be explained on the basis of the available data and that which requires further explanation. This is not to imply that unexplained vanation cannot be justified; the suggestion in figure 2 is that unexplained variation for malignant neoplasms is largely attributable to patient differences and that only a small proportion (5%) was attributable to hospital effects. There was a different picture for menopausal and postmenopausal conditions when only a small proportion of the observed variation was explained and a greater proportion (23%) of the unexplained variation was attributed to hospital effects. One reason for this contrast may lie in greater heterogeneity in the menopausal disorders category which conceals differences in treatments. The third advantage of the method lies in its ability to provide measures which take account of local circumstances. Comparing the performance of hospital A with gynaecological practice in Scotland is clearly inappropriate if the case mix and context of hospital A's practice is not taken into account. 'Scottish practice' is no more than the average of hospitals in different parts of Scotland so that, while some idea of a consensus of good practice may be implicit, it can have no legitimacy as the 'right' measure of practice for hospital A. This problem is inherent in all comparative measures but the use of local (that is, hospital-specific) residuals in comparing the number of bed days used by hospital A against those 'expected' provides a fairer measure of performance than one which makes no allowance for local circumstances. Although restricted to the length of stay in gynaecology in this report, the approach we describe can be applied to other ways of defining patient populations (and to other specialties) and to other measures of performance or outcome -there are good arguments for methods which make it possible to assess the effects of changes in one measure on others. Measures available from the linked SMR1 routine data include rates of admission, readmission, death and surgical procedures. It is reasonable to postulate, for example, that -for fixed bed numbers -die length of stay will affect and be affected by admission rates and that readmission rates will have a similar relationship. A parallel investigation of lengths of stay and readmission rates for selected diagnoses in general surgery has demonstrated a negative correlation between residuals for length of hospital stay and those for readmission rates suggesting that pressures to reduce lengths of stay may have the effect of increasing rates of readmission. This observation illustrates the comment we made earlier about the need to view the whole picture. It also qualifies the interpretation of individual measures that do not make allowance for the interdependence of one measure on another. This paper has focused on the hospital as the unit of analysis and thus on matters which may be of particular interest to service providers. By changing the unit of analysis, for example to health authority or local government district, the methods we describe are of equal utility to purchasers who have a comparable need to understand variations in service use between different population groups and to take account of them in their assessments of need. In the world of internal markets, the ability to assess contracting options depends on information that reflects reality and its presentation in ways that are meaningful to those who use it. Measuring performance m hospital care
The errors for this model are estimated to be distributed as e^c = N(0, 1.604 -0.4438AGE°' 5 + O.O4197AGE)
i.e. the estimates (standard errors) of <Joo2, 0oi and O"n2 are 1.604 (0J401), -0.2219 (0.0600) and 0.04197 (0.01049) respectively. Similarly, estimates for a u 2 and o\2 are 0.007188 (0.003697) and 0.07007 (0.02077).
Case complexity index
The case complexity index of any hospital is the mean difference between the hospital and Scottish (case mix adjusted) predicted length of stay by diagnostic group weighted by the number of patients in each group treated by that hospital. To explain this it is necessary to expand upon the notation used above. Each of the 15 diagnostic groups will be identified by a superscript (m). (A superscript is used to differentiate between the diagnostic group and the 3 levels of the hierarchy.) Consider the fixed ( The overall (Scottish) mean for group m is given by (m) The case complexity index for the kth hospital Ik is then defined as
Degree of speaalizaaon
The degree of specialization of a hospital varies from one diagnostic category to another and reflects the proportion of die specialty's case load which that category comprises. The value for the kth hospital and the mth diagnostic group is given by This differentiates hospitals on the basis of their diagnostic mix, as opposed to the previous measure Ik which is based on case mix.
then summing the Fijk(m) within hospitals and dividing by the number of patients in group m treated by hospital k nk(m) gives the mean predicted stay for patients within each hospital (ik(m) on the basis of individual, measured attributes. Downloaded from https://academic.oup.com/eurpub/article-abstract/7/2/136/505544 by guest on 01 January 2019
